as soybean meal. The lower AME is at least partially due to the higher fiber content of the meal, but this does not appear to account for all of the differences [1, 5] . Thus, these factors can limit inclusion rate of canola meal in poultry diets [6] .
Wheat is commonly used as the major energy source in poultry rations in some parts of the world [7, 8] . Compared with corn, wheat has higher protein content and provides less energy. However, the inclusion of high levels of dietary wheat for young birds is not recommended because of the performance-depressing effects of arabinoxylans or pentosans, which are watersoluble NSP [9, 10] .The high concentrations of soluble NSP in diets raise digesta viscosity, which results in reduction of growth performance of birds due to lower digestibility of nutrients [11] [12] [13] . High digesta viscosity restricts activity of digestive enzymes and disrupts the nutrient absorptive mucosal surface [13, 14] . It can lead to reduced feed intake, slower digesta passage rate, and impaired nutrient digestion and can greatly increase the water intake by the birds, which lead to unmanageable litter problems caused by wet and sticky droppings [15] . In the recent decades, there have been numerous studies on the use of exogenous enzymes in poultry feeds. Exogenous enzymes increase the digestibility of complex molecules especially in young animals, which do not have a well-developed intestinal enzyme profile [12, 16] . Studies have indicated that the negative effects of NSP, oligosaccharides, and phytic acid can be overcome by supplementation of diets with suitable exogenous enzyme preparations [17] . Several authors have shown that the use of exogenous enzymes in cereal-based diets is very beneficial because they can help hydrolyze NSP; reduce digesta viscosity; and most importantly improve nutrient absorption, growth, and performance of the birds [7, 9, 14] . The addition of the multicarbohydrase enzyme supplement to a broiler diet based on wheat, soybean meal, canola meal, and peas resulted in a significant improvement in digestibility of protein, starch, and NSP and consequently, improved growth performance [18] . There are, however, few reports on the addition of enzyme to improve canola-meal quality. Nevertheless, most studies have indicated that the poultry diets supplementation with a combination of carbohydrase, protease, and phytase enzymes improve feed conversion ratio [19] ; however, some studies indicated that the addition of carbohydrase and protease enzyme to diets with high levels of canola meal did not significantly improve growth performance of broiler [6, 20] . Recently, comprehensive review has been published on the challenges of the enzyme development process and their outcomes in poultry nutrition [21] . Moreover, a review of the factors affecting the nutritive value of canola meal and the methods for improving its nutritive value has been written recently by Khajali and Slominski [22] . Because of differences in composition and structure of polymeric carbohydrates of NSP in feed ingredients, using multiple enzymes would likely be the most beneficial for improving the performance of chicks fed feedstuffs that are low in nutritional value and contain antinutrients. The present study was, therefore, conducted to investigate the effects of Natuzyme plus [23] multienzyme (containing, phytase, β-glucanase, α-amylase, cellulase, pectinase, amyloglycosidase, xylanase, and protease) on performance, gut viscosity, and morphological parameters of small intestine of broilers fed diets containing wheat and canola meal.
MATERIALS AND METHODS
A total of 336 one-day-old Arbor Acres broiler chicks obtained from a local hatchery were randomly allocated to 24 wire cages (100 × 85 cm). Chickens were assigned to 1 of 6 dietary treatments (4 cages per replicate; 14 chicks per cage) and raised under environmentally controlled conditions following a standard temperature regimen that gradually decreased from 32 to 24°C by 0.5°C daily and a 23L:1D lighting program. Each cage contained equal number of male and female birds. All animal procedures were approved by the Animal Care and Welfare Committee of the University of Tehran. Feed intake and BW were recorded weekly on a percage basis, and FCR was then calculated. Dead chicks were collected daily and weighed at the time of carcass removal; carcass weights were included in FCR calculations.
Dietary treatments were randomly allocated to cages in a 3 × 2 factorial arrangement comprising 3 basal diets [corn-soybean (CS), cornwheat-soybean (CWS), corn-wheat-soybean-canola (CWSC)] and 2 enzyme levels (without enzyme and 0.350 g/kg of Natuzyme plus). Diets were isocaloric and isonitrogenous and formulated to meet or exceed the nutritional recommendations of NRC [5] (Table 1) . Birds were fed a starter diet from 1 to 21 d followed by a finisher diet from 22 to 42 d of age. Feed and water were provided for ad libitum consumption.
At d 21 and 40, 4 birds, including 2 from each sex per cage (n = 16/treatment) were randomly selected and euthanized by cervical dislocation. The abdominal cavity of each bird was opened, and the total gastrointestinal tract immediately exposed. The ileum, starting from the Meckel's diverticulum to 4 cm above the ileo-cecal junction, was quickly dissected, and the digesta contents of this intestinal segment were stripped into an air-tight container and kept on ice before centrifugation (1,006 × g, 2 min, 4°C). Ileal digesta from all euthanized birds within a cage were pooled into one sample (n = 4 per treatment per time point). Supernatants from each pooled sample were frozen and stored at −20°C. The thawed supernatants were subsequently assayed by using viscometer [24] at 40°C according to the method described by the Digital Viscometer Operating Instructions Manual (Brookfield, Stoughton, MA).
At the end of the experimental period (d 42), one bird from each sex per cage (n = 8/treatment) was randomly selected, weighed, and euthanized by cervical dislocation. Immediately after bird euthanasia, a 2-cm sample of the following gastrointestinal segment was collected: duodenum (at midpoint region of duodenum), jejunum (midpoint between the bile duct entry and Meckel's diverticulum), and ileum (at distal end of lower ileum). Each of these intestinal segments was flushed with PBS (pH = 7), fixed in Clark fixative [25] that contained 25% acetic acid glacial and 75% ethanol for 45 min, and then left in ethyl alcohol (50%) for longer storage. Fixed tissues were dehydrated in a graded series of ethanol, cleared in xylene, and embedded in paraffin. For each segment, a 5-μm crosssection was sectioned using a microtome, placed on a glass slide, and stained with periodic acid Schiff reagent for 2 to 3 min. Villus height and crypt depth were measured using a light microscope [26] . Villus length was measured from the top of the villus to the top of the lamina propria, whereas villus:crypt ratio was determined as the ratio of villus height to crypt depth. Villus width was measured at the widest area of each villus. Ten replicate measurements for each variable studied were taken from each chicken, and the average values were used in statistical analysis.
Data were analyzed as a 2-way ANOVA. Treatment means were tested using the Duncan's multiple-range test, and statistical differences were considered at P < 0.05 [27] .
RESULTS AND DISCUSSION
The effects of the dietary treatments on feed intake, BW gain and FCR are presented in Table  2 . Significant 2-way dietary interactions were observed for BW during the starter period (0-21 d) and overall (0-42 d), with birds fed the CS diets exhibiting lesser increases in BW with Natuzyme supplementation as compared with broilers fed the CWS or the CWSC diets. During the grower period (22-42 d), only a significant effect of enzyme was observed. Dietary interaction effects on feed intake during the starter and grower periods were not significant (P > 0.05), but a significant 2-way interaction was observed during the overall rearing period. In this regard, enzyme supplementation of the CS diet was without effect, whereas enzyme supplementation of the CWS and the CWSC diets markedly increased feed intake as compared with the unsupplemented diets. Birds fed the CWS exhibited significantly poorer feed intake when compared with broilers fed the CS or CWSC diets during the starter period, whereas enzyme supplementation significantly increased feed intake. A similar response was observed during the grower period, although the difference between CS-and CWS-fed birds was NS. For FCR, a significant 2-way interaction was observed during the starter period, as enzyme supplementation significantly improved FCR in the CWS-and the CWSC-fed birds but was without effect in broilers fed the CS diet. There was no effect of diet on FCR during the grower period, whereas overall (0-42 d) CWSC-fed birds exhibited significantly poorer FCR values than did the CS-or CWS-fed broilers, and enzyme supplementation significantly improved FCR.
There were no interaction effects between basal diets and enzyme on digesta viscosity in Table 1 . Ingredients and nutrient composition of experimental diets Corn-soybean. 4 Corn-wheat-soybean. 5 Corn-wheat-soybean-canola.
the ileum at 21 and 42 d of age (Table 3) . Moreover, neither basal diets nor enzyme supplementation affected ileal digesta viscosity at d 40.
However, when compared with CS diets, broilers fed CWSC diets had slightly higher digesta viscosity in the ileum at 21 d of age (P < 0.006).
On the other hand, Natuzyme significantly reduced ileal digesta viscosity when compared with broilers fed enzyme-free diets (P < 0.001).
The interaction of basal diets and enzyme levels did not influence morphological parameters at any intestinal segments except duodenal crypt depth (Table 4) . Duodenal crypt depth was increased in birds fed the enzyme-unsupplemented CWS and CWSC diets. It appears that increases in crypt depth in the duodenum and jejunum and decrease in villi height in the ileum occurred mainly because of the main effects of the CWS or CWSC diets, whereas enzyme also had a major role to increase villi height in the jejunum and ileum (P < 0.05). In this study, CWS and CWSC diets decreased the villus height:crypt depth ratio in the duodenum, jejunum when compared with CS diet. On the other hand, villus height:crypt depth ratio in the duodenum, jejunum, and ileum was significantly increased in birds fed the enzyme-supplemented diets (P < 0.05). The only difference in villus width occurred in the duodenum; villi were widest among birds fed enzyme-supplemented diets (P < 0.05).
A significant reduction in performance of broiler chick fed the enzyme-unsupplemented CWS or CWSC diets during starter period (1-21d) was the result of high NSP content of these diets [1, 3] . Moreover, the low productive value of diet containing canola meal when fed to broiler chickens has been attributed to high fiber and phytate content [4] . Fiber may interfere with protein and mineral digestion, whereas phytate binds to divalent cations as well as to amino acids and reduces protein and minera1 availability [14] . In addition to lower weight gain and inferior FCR, digesta viscosity also increased when broilers were fed the CWS or CWSC diets. Annison [28] reported that increased concentrations of soluble NSP lead to elevated digesta viscosity and reduced nutrient digestion and absorption. The high viscosity of the digesta reduces the passage rate and impairs diffusion of digestive enzymes to their substrates and the mixing with gut content [29] . Nonstarch polysaccharides may bind to dietary nutrients as well as reduce nutrient mobility, thereby impairing digestion and absorption [30] . In addition, it has been shown that NSP can bind to digestive enzymes to reduce enzyme activities and digestion [31] . Recent research has indicated that high phytate content of canola meal [32] and the lack of dietary electrolyte balance in diets containing canola meal [33] could be causes of reduced performance in young broilers.
Feeding CWS or CWSC diets significantly increased crypt depth in the duodenum and jejunum and decreased villi height in the ileum of the broiler chickens. This might explain why in our study feeding CWS or CWSC diets caused decreased broiler performance. It is known that villi height correlates positively with nutrient Means within rows with different letters are significantly different (P < 0.05). 1 Provided per kilogram of complete feed: phytase, 105,000 U; β-glucanase, 350,000 U; α-amylase, 262,500 U; cellulose, 1,470,000 U; pectinase, 24,500 U; xylanase, 1,750,000 U; and protease, 1,050,000 U. 2 Data are means of 8 observations per diet. 3 Corn-soybean. 4 Corn-wheat-soybean. 5 Corn-wheat-soybean-canola. Corn-soybean. 4 Corn-wheat-soybean. 5 Corn-wheat-soybean-canola.
absorption [34] . Therefore, an increase in the levels of dietary NSP (wheat or canola meal inclusion to diet) altered the morphological development of the intestine by increasing the digesta viscosity [35] . However, dietary Natuzyme significantly increased villi height in the jejunum and ileum and reduced crypt depth in the duodenum and ileum segments. In the current study, Natuzyme supplementation resulted in a significant improvement in the growth rate of birds fed the CWS or CWSC diets but did not significantly improve this variable in broilers fed the CS diets. This suggested that the former birds used dietary energy more efficiently than did birds fed the enzyme-unsupplemented diets. Improvements in performance of broiler chickens given CWSC diets supplemented with enzyme as observed in the present study are in agreement with results reported earlier [8, 21, 36] . Also, these results are in agreement with others that reported supplementation of enzymes improves morphological status in gut and immunological status in broiler chickens [37] and subsequently has the beneficial effect on nutrient digestibility and on animal performance [9, 20, 38] . Our findings also indicate that the beneficial effects of Natuzyme on broiler performance were more pronounced when diets contained wheat + canola meal rather than wheat. These results confirmed the work of Zaghari et al. [38] , who reported that the extent of Natuzyme's beneficial effects and the nutrient equivalency values of multienzymes in diets with low-digestible feedstuffs might be somewhat higher than cornsoybean diet.
The results of this study indicate that feeding broilers Natuzyme-supplemented diets containing wheat or wheat and canola meal led to significant improvements in growth. This was the resulting effects of decreased digesta viscosity and improved morphology of the small intestine.
CONCLUSIONS AND APPLICATIONS
1. The beneficial effect of Natuzyme on broiler performance was more pronounced when the diet contained wheat or wheat + canola meal rather than cornsoybean diets. 2. Reduction in digesta viscosity and improvement in growth performance due to feeding on Natuzyme-supplemented diets was more prominent in younger birds. 3. Further investigations need to be conducted on Natuzyme supplements in poultry diets containing feedstuffs that are low in nutritional value and contain antinutritive compounds.
